Background: Nigeria's national health information system (HIS) data sources are grouped into institutional and population based data that traverse many government institutions. Communication and collaboration between these institutions are limited, fraught with fragmentation and challenges national HIS functionality. Objectives: The objective of this paper was to share insights from and the implications of a recent review of Nigeria's HIS policy in 2014 that resulted in its substantial revision. We also highlight some subsequent enactments. Review process and outcomes: In 2013, Nigeria's Federal Ministry of Health launched an inter-ministerial and multi-departmental review of the National Health Management Information System policy of 2006. The review was guided by World Health Organization's 'Framework and Standards for Country Health Information Systems'. The key finding was a lack of governance mechanisms in the execution of the policy, including an absent data management governance process. The review also found a multiplicity of duplicative, parallel reporting tools and platforms. Conclusion: Recommendations for HIS Policy revisions were proposed to and implemented by the Federal Government of Nigeria. The revised HIS policy now provides for a strong framework for the leadership and governance of the HIS with early results.
• Governance structures for a national HIS architecture must incorporate institutions that contribute data to the system.
• Political will and funding are critical for the HIS to achieve its goals.
Background
Health Information Systems (HIS) constitute a crucial building block of any country health system. Underperforming HIS render national planning and other management decision-making functions in the health system inefficient, and increase missed opportunities in the use of available resources to save more lives (Boerma & Stansfield, 2007; Makinde, Mami, Oweghoro, Oyediran, & Mullen, 2016b) . As one of the six building blocks of the World Health Organization (WHO) Health Systems Strengthening framework, HIS, which form the basis for the production, analysis, dissemination and use of quality data, has in the last decade received renewed attention in several Low and Middle Income Countries (LMIC) (Hotchkiss, Diana, & Foreit, 2012; World Health Organization, 2007) .
Problem statement and objective
Nigeria's National Health Management Information System Policy (NHMIS) introduced in 2006 was increasingly being realised by national planners not to be producing improvements at a pace expected. The review was triggered by a realisation by leading health planners that the problems that the NHMIS was meant to address were not being achieved. For example, data availability and its use for decision making were poor. Also, adequate cross collaboration by various contributors to the national HIS was not taking place. Consequently, in 2013, the Federal Ministry of Health (FMOH) instituted a review of the policy to better diagnose its shortcomings and in turn optimise for a more optimally functioning Health Information System. The objectives of this paper were to (i) share insights and experiences from a review of Nigeria's NHMIS Policy, (ii) describe the process and analytical framework used for the review of the policy, (iii) outline the content of the new HIS policy and the strategic plan developed alongside and (iv) highlight some subsequent milestones achieved.
What is a health information system?
HIS of a country is typically comprised of six components: HIS resources, indicators, data sources, data management, information products and information use (World Health Organization, 2008) . HIS data are clustered into institutional and population based sources. The management and administration of these data sources are distributed across multiple government Ministries, Departments and Agencies with little or no direct interconnecting communication linkages (Abouzahr & Boerma, 2005; Makinde, Olapeju, Ogbuoji, & Babalola, 2016c; World Health Organization, 2008) . Statistical products from these institutions are often needed to make evidence based decisions (AbouZahr, Adjei, & Kanchanachitra, 2007) . The absence of appropriate coordination mechanisms is a predicament of several LMIC that necessarily require evidence to assure the efficient allocation of limited resources.
Routine health information systems (RHIS) as a tool in LMIC settings with potential for health system performance measurement have been inadequately utilised in several LMIC settings, often traceable to poor planning and quality of the data (Aqil, Lippeveld, & Hozumi, 2009; Lippeveld, 2017; Wagenaar, Sherr, Fernandes, & Wagenaar, 2016) . RHIS are defined as 'systems that provide information at regular intervals of a year or less to meet predictable information needs. These include paper based or electronic health records and facility based and district-level management information systems' (Hotchkiss et al., 2012) . Inadequate planning can fuel barriers towards an interconnected HIS in an evolving environment that increasingly uses information and communications technology (ICT). Barriers to interconnection of the HIS also included lack of standards, inadequate political will, economic challenges, limited infrastructure and constrained human resource skills (Akhlaq, McKinstry, Muhammad, & Sheikh, 2016; Kumar, Gotz, Nutley, & Smith, 2017; Makinde et al., 2016b; van Panhuis et al., 2014) . Abouzahr & Boerma argue that in many cases the expansion of national surveys in response to monitoring and evaluation for the Millennium Development Goals contributed to an adverse shift in focus away from the systematic institutional strengthening of routine country health information systems (Abouzahr & Boerma, 2005) . Several authors have called for caution in the development of new HIS to better meet the data needs to adequately monitor national progress towards the Sustainable Development Goals (SDGs) by LMIC (Nabyonga-Orem, 2017; Thomas, Silvestre, Salentine, Reynolds, & Smith, 2016) . This is because the proliferation of new health information systems will likely be vertical, require huge resources for their deployment and will further burden a system known to be weak and ineffective. However, some gains were made through the Health Data Collaborative partnership to strengthen countries' routine information systems (Lippeveld, 2017; Thomas, 2017) . The Health Data Collaborative partnership is a multi-stakeholder effort made up of international agencies, governments, philanthropies, donors and academics, aimed at improving the availability, quality and use of data for local decision making, and tracking progress towards the SDGs. The partnership has supported the FMOH to conduct a situation analysis of its Monitoring and Evaluation system (Health Data Collaborative, 2016) .
The Nigerian health information system
Data for the Nigeria HIS reside across multiple institutions and systems highlighted in Table 1 . These institutions and their systems neither routinely communicate with one another nor share data (Asangansi, 2012; Federal Ministry of Health, Nigeria, 2014) . Previous studies had identified weak HIS leadership and governance, turf rivalries, unclear assignment of roles and responsibilities, lack of financial incentives and limited technical skills; the associated absence of interagency coordination and collaboration has been linked with silos and inefficiency in the HIS (Asangansi, 2012; Makinde et al., 2016b) . Furthermore, prior national policy guidance on HIS was narrowly focused on just the Ministry of Health without proper interconnection of related institutions. The increased availability and adoption of ICT to consolidate the management of these different data sources call for better collaboration and coordination. Limited availability of resources (financial and technical) across government departments also necessitates that resources be better leveraged and focused on areas and activities that yield the highest impact. Likewise, long overlooked, proper interconnection and joint planning between all institutions involved in health information management is likely to substantially minimise duplication and reduce wastage of resources (Makinde et al., 2018) . In response to this shortfall and the desire for an improvement in the use of evidence for decision making, the government decided to review Nigeria's HIS. The review targeted the national HIS policy; it prioritised underlying limitations in the policy and explored ways for policy implementation to leverage growing trends in increased ICT penetration in Nigerian health systems. This included an examination of opportunities for standardisation and planning for interoperability of systems, themes that were highlighted at the sixty-sixth World Health Assembly (World Health Organization, 2013) .
Early attempts at standardisation included a more predictable identification system of health facilities across Nigeria within the national information system through the development of a Master Facility List (Makinde et al., 2014) . This was followed up by the development of an electronic Health Facility Registry to actively manage the Master Facility List and in planning for a health information exchange to link all the health facility based data sources. The Master Facility List 'is a complete listing of health facilities in a country (both public and private) comprised of a set of identification items for each facility (signature domain) and basic information on the service capacity of each facility (service domain) ' (World Health Organization, 2012) . The Master Facility List allocates unique identifiers to health facilities to advance the integration and interoperability of systems that contain information on different health facilities in the country (Makinde, Azeez, & Adebayo, 2016a; USAID, 2017) . Health facilities have a central role in the health system and successfully deploying a process to manage their registration and deregistration in an information system is important for determining the number of active health facilities at each point in time. This is necessary for the reliable calculation of routine health indicators that require the number of active health facilities as the denominator (e.g. report completeness rates).
Actors in the Nigerian health information system
Nigeria is a Federation of 36 semi-autonomous states and a Federal Capital Territory with an estimated population of over 180 million people and a Gross National Income per Capita of $2450 in 2016 (Federal Government of Nigeria, 1999; The World Bank, 2016) . The Federal Government of Nigeria (FGN) develops health policies and laws which may be adopted for implementation by the states at their discretion as health is not on the exclusive list of issues adjudicated by the Federal Government (Onyemelukwe, 2016) . States also oversee Local Government Areas which are smaller administrative units within them. The Ministries, Departments and Agencies in Nigeria that have responsibility for the health system include the FMOH, Federal Ministry of Education, Federal Ministry of Agriculture, Federal Ministry of Budget and National Planning (formerly National Planning Commission), National Health Insurance Scheme, National Primary Healthcare Development Agency, National Agency for Food and Drug Administration and Control, National Agency for the Control of AIDS, National Population Commission (NPC), Nigerian Institute for Medical Research, the National Bureau of Statistics and a few others. Each entity acts independently with different responsibilities that affect the national HIS.
The FMOH oversees the NHMIS which administers routine health data collation and processing in the country. The mandate of the FMOH is 'Provision of quality stewardship and (Asangansi, 2012; Makinde et al., 2012a) . During an assessment visit, several computers were found in their supply boxes untouched while computations were done by hand (Makinde et al., 2012b) . Frontline health workers complained of parallel data collection tools across disease programmes which made completion difficult and time consuming (Bosch-Capblanch et al., 2017) . Transmission of data from the Local Government to the State Ministry of Health was challenged because of poor access to internet services, resulting in data backlog and poor quality data (Asangansi, 2012; Asangansi et al., 2013; Makinde et al., 2012a ). Nigeria's large disease and disability burden is associated with a weak health system (National Population Commission, Federal Republic of Nigeria & ICF International, Maryland USA, 2014). Governance of the health system in general has been a main problem, especially in a decentralised system as practiced in Nigeria (Eboreime et al., 2017; Uneke, Ezeoha, Ndukwe, Oyibo, & Onwe, 2012; Uneke et al., 2015) . The recent drive to ensure Universal Health Coverage needs to be backed by evidence to show areas of progress or gaps in order to redirect investments (Tilley-Gyado, Filani, Morhason-Bello, & Adewole, 2016) . A viable RHIS should guide investments in the health system in a country. However, its underperformance can be catastrophic resulting in biased investments, planning and poor health outcomes. Studies have shown the RHIS in Nigeria to be inadequate to support mental health, maternal and child health, malaria, and disease surveillance decisions (Makinde, 2016; Mokuolu et al., 2016; Nnebue, Onwasigwe, Ibeh, & Adogu, 2013; Upadhaya et al., 2016; Wollum, Burstein, Fullman, Dwyer-Lindgren, & Gakidou, 2015) . Efforts aimed at addressing the RHIS are exploring the deployment of mobile enabled applications to improve the timeliness and completeness of reports (Asangansi & Braa, 2010; Asangansi et al., 2013) .
Whereas the FMOH has the general oversight over the health system, the need to make meaning out of routine data requires population based statistics which is the responsibility of another government agency, the National Population Commission. Similarly, nutrition interventions which is a determinant of better health outcomes require a multi-sectoral approach across several in-country institutions including the . To begin to comprehensively address these issues, it became necessary to conceive strategies and tactics that will identify and eliminate the barriers to a successful HIS. For the HIS to fulfil its mandate, it is necessary for the different government agencies which generate health data to work collaboratively, for their systems to communicate and interoperate. This informed the need for a joint review of the HIS Policy and the development of a strategic plan to guide implementation. Following several stakeholder consultations, a new HIS policy and an accompanying 5-year strategic plan were developed in 2014. One of the initial issues the FMOH sought to redress was the realisation that an NHMIS policy was narrowly and exclusively focused on routine health data which was a subsystem of a health information system as defined by WHO. The narrowly focussed NHMIS policy was confined to health services data under the Ministry of Health and left out other agencies outside the Ministry of Health that oversaw or had substantial roles on other data components and data products in a complete HIS. Given that an HIS is an interconnected web of data sources which span multiple institutions, the proposal that the FMOH makes a policy pivot from a NHMIS policy to a National Health Information System policy was accepted. Consequently, the review included stakeholders and agencies that had responsibilities for a range of data sources in a more complete HIS -including censuses, surveys, civil registration & vital statistics and human resources.
Review process
The review and consultative sessions spanned about 11 months, from April 2013 till February 2014, facilitated by one of the authors. A Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis of the previous policy was carried out by the stakeholders at the commencement of the first consultative session. Participants analysed previously completed RHIS assessments in small groups, and shortcomings were identified (Makinde et al., 2012a) . Suggested interventions to strengthen the system were formulated. In addition, a rapid WHO Health Metrics Network (HMN) HIS Assessment was completed by stakeholders that provided useful evidence to drive the development of the new HIS policy revision and strategic plan ( Table 2) .
The shortcomings of the previous policy and the areas of the HIS that needed immediate improvement were ranked by stakeholders using the Delphi technique. Developed by Rand Corporation, the Delphi is a consensus building method that 'solicits the opinions of experts through a series of carefully designed questionnaires interspersed with information and opinion feedback' (Helmer, 1967) . Participants were then divided into small groups that were assigned different sections identified and provided guidance on using the different assessments to identify the problems with the system and to design interventions to address them. The process followed in the development of the policy is presented in Figure 1 .
His policy review outcomes
The 2014 HIS Policy was changed to address the gaps and create a platform for cross institution collaboration and partnership, and to foster leadership and governance of the HIS. The HIS Policy of 2014 has seven sections: the background, policy framework, data governance, data architecture, indicators and sources, data management, dissemination and use, data security and monitoring and evaluation. These sections were further elaborated in an accompanying 5-year strategic plan (2014-2018) that was prepared to guide the implementation of the policy. The vision of the policy is 'a Health Information System (HIS) that ensures evidence based decision making for improved health status of Nigerians' while the mission is 'to produce timely, reliable and accurate data that will inform policy making, evidence based decision and resource allocation for health care at the LGA, State and Federal Levels'. Five objectives were developed to drive the implementation of the HIS. These are as follows:
1. To improve data governance. 2. To improve data architecture, indicators and sources. 3. To improve data management, dissemination and use. 4. To improve data security. 5. To monitor and evaluate health information system performance. Participants conceded that the narrowly focused and poorly implemented NHMIS policy left the health system without a guide, leading to 'blind' investments in the health system; it did not have requisite evidence on where the limited resources would have had the largest impact. The limited availability of reliable data to generate health statistics tended to increase reliance on the use of estimations that relied on assumptions with resultant associated errors and questionable reliability (Makinde & Oyediran, 2015; Walker, Bryce & Black, 2007) . The proposed steps for achieving this new vision are described in the remaining part of this section.
Improve data governance
A repurposed national HIS requires a broad stakeholder base that accepts that such a HIS straddles multiple government institutions. It also requires leadership with the political will and power to act in order for set goals to be achieved. The HIS governance section was ranked the lowest by stakeholders in the rapid HMN assessment exercise, indicating that the HIS governance domain was under-developed. To address this, the new HIS policy proposed the establishment of a health data governance structure that will provide leadership, provide direction on investments in the HIS and promote the use of data produced through the HIS for decision making at the national and state levels. A National Health Data Governance Council (HDGC) to be chaired by the Minister of Health will oversee the administration of the National HIS while state level HDGCs chaired by Commissioners of Health will oversee the administration of the HIS at the state and provide advisory support to the national HDGC. The state HDGC will also design-in the interests of each state into the national HIS infrastructure. Poor governance of the HIS has been one of the blights of the health system (Uneke et al., 2013) . The creation of the HDGC is set to tackle some of these problems by bringing together various stakeholders under the direction of the Minister of Health.
Vertical programmes have in no small measure, contributed to the fragmentation of the HIS in LMIC (Kawonga, Blaauw, & Fonn, 2012) . A vertical programme is a component of the health system which '(i) has specific defined objectives usually quantitative and relating to a single condition or small group of conditions, (ii) objectives which focus on short or medium term and (iii) has centralised management and discrete means' (Cairncross, Peri es, & Cutts, 1997) . The new governance structure is designed to make vertical programmes responsive towards health system strengthening rather than fuel its fragmentation. The HDGC will be supported by a Health Data Consultative Committee at both (national and state) levels of its creation. Members of the Health Data Consultative Committee will include technical specialists across various departments within the MOH, technical staff of other ministries involved in the HIS and development partners -multilateral and bilateralinvolved in strengthening the HIS in the country. The Health Data Consultative Committee will do most of the groundwork and present to the HDGC for ratification intermittently. However, the Nigerian health system has not enjoyed the best of domestic funding over the years resulting in inadequate recruitment of skilled professionals into government institutions. The Abuja declaration by the Presidents of African countries in 2001 for the commitment of 15% of annual budget to improve the health sector remains unachieved by the country (World Health Organization, 2011) . In 2014, the country allocated only 6% of its budget to the health sector most of which was to recurrent expenditure (Ihekweazu, 2013) . To address this shortfall in skilled hands, technical specialists from development partners in the Health Data Consultative Committee will help alleviate the inadequate technical skills in the Ministry of Health.
Improve data architecture, indicators and data sources
As Nigeria continues to adopt and deploy various electronic applications for the management of its health and allied information, the need to adhere to standards is increasingly apparent. This will also be in line with the guidance of the WHO sixty-sixth assembly resolution. One of these standards that will need to be adhered to is the unique identification for health facilities across different information systems. A detailed description of this national standard has been put together (Makinde et al., 2014) . Such standards will aid the integration and interoperability of the different components of the National HIS infrastructure and will pave the way for a health information exchange.
The need to streamline the number of national indicators and imposing controls on their creation and modification was identified by stakeholders during the consultative workshops. It was recommended that the powers on the final approval to add to, or remove from the national health indicators' list be held by the National HDGC which will sit twice every year. Furthermore, as part of strategies to address the collaboration between different departments, an important need for enhanced communication was identified. This objective will help to address communication gaps through the provision of a channel for communication between stakeholders. To avoid distrust in the HIS arising from lack of communication, it will be necessary to ensure that stakeholders are regularly updated. The strategy also highlighted the need to improve data stewardship across the different cadres of health workers and also the need to strengthen mechanisms to regularly carry out supportive supervision to improve data quality.
Improve data management, dissemination and use
To enhance the culture of evidence based decision making, it was also recommended that plans for data use should always follow any drive for the collection of the data. The absence of data use initiatives has been responsible for the failure of many data collection efforts that generate more work for frontline health workers (Lippeveld, 2017) . The new policy drive proposes the placement of more information in the hands of decision makers through the Health Data Consultative Committee and HDGC.
The policy also highlights the need for the design and development of processes and guidelines for increased interrelationships between the different government institutions that manage health related data. For instance, the need for formalised processes for the provision of population statistics to the FMOH, States and the LGA authorities by the National Population Commission will be instituted.
Embedding decision support tools in HIS is one of the processes that have helped to improve evidence based decision making in other parts of the world (Bates et al., 2003) . Some decision support tools have already been developed in the DHIS software used by Nigeria. More of such decision support tools will be encouraged to be embedded in the National HIS to respond to the computation of different indicators and to help improve the efficiency of detecting outbreaks through mining of routine health data.
Improve data security
The increasing adoption of ICT for the management of health data also necessitates improving vigilance on data security. This will help ensure none to minimal loss of data in case of a catastrophe or an unforeseen force majeure. Processes proposed to mitigate such disasters include mirroring of servers at multiple sites, development of guidelines that will drive the administration of the server and the utilisation of up-to-date antivirus and antimalware software to regularly protect the national HIS server. Furthermore, the need to consider engaging an independent consulting firm to audit the administration of the HIS intermittently was proposed. Processes that will guide the request and release of data will also be developed and monitored.
Monitor and evaluate health information system performance
The development and rollout of a new HIS policy will be incomplete without guidelines on how the implementation of the policy will be monitored. The new HIS policy and its strategic plan identify the importance of measuring performance of its implementation. This will guide adjustments on activities that fall short of targets and to refocus efforts towards the achievement of the stated goals. A variety of techniques will be used to monitor the performance of the HIS. For example, the Performance of Routine Information System Management (PRISM) framework could be used to assess the RHIS while global or specific indicators will be adopted or developed for other areas. The PRISM framework is an innovative method to design, assess and evaluate the performance of RHIS in LMIC (Aqil et al., 2009) . It assesses the organisational, technical and behavioural aspects of the RHIS (Aqil et al., 2009) . The Monitoring and Evaluation of the HIS Policy will also foster a continuous improvement strategy and documentation of lessons learned to be applied in the development of another strategic plan in the future.
Discussion
A new HIS policy and an accompanying strategic plan have been produced to address the issues that have long plagued the HIS in Nigeria. The HDGC at the national level and at state level provides an opportunity for the leadership of the health system across the different institutions to meet intermittently and to jointly decide on strategies for action. The National HDGC was inaugurated in January 2017, and discussions have begun among the different high level stakeholders on how to achieve the purpose of the HIS (Makinde & Oyediran, 2017) . At the technical level, the Health Data Consultative Committee has been reconvened and deliberations have started in providing support towards various targets of the HIS strategy.
As part of the effort to improve the national data architecture, indicators and data sources, several efforts have been embarked upon. The national Health Facility Registry application to manage the Master Facility List and address shortcomings of previous effort has been developed. The Health Facility Registry will serve as the hub for linking several other health facility based information systems that are being designed in the country. The Health Facility Registry homepage provides summary statistics of the health facility distribution in the country to the general population while administrators can manage health facility records after authentication. In line with the provision of the HIS policy for the biennial review of the national indicator list, this process was commenced in 2016 and was recently completed. Since this is the first review of indicators taking place after the SDGs came into effect, all the new SDG health performance indicator domains that were not addressed in the national HIS have been given attention. The WHO 100 core indicators have been used to guide the review process and to identify national priority indicators. Efforts are also being made to develop processes for the removal of redundant indicators from the list. However, this faces an uphill task as programmes maintain the importance of all their indicators. Currently, the DHIS tracks about 1000 data elements but produces only 85 summary indicators. Many of these data elements are rarely analysed. They have largely been retained at this time as the trade-off between retaining the commitment of different programmes in maintaining a single system.
The Civil Registration and Vital Statistics (CRVS) System is an important component of the HIS and also important in the measurement of the impact of various interventions. The SDGs have focused more attention on the CRVS. Goal 16.9 of the SDGs strives to achieve legal identity for all including birth registration while several other targets also focus on the cause specific mortality rates which can only be tracked through death registration (United Nations, 2015) . Registration of these health related events is the responsibility of the National Population Commission though these events predominantly occur within health facilities (Maduekwe, Banjo, & Sangodapo, 2017) . Performance of birth and death registration completeness is abysmally low in some parts of the country (Makinde et al., 2016c; National Bureau of Statistics & UNICEF, 2017; Williams, 2014) . Joint planning on how improvement of the CRVS will be achieved between the health sector and the National Population Commission to foster national development goals is a necessary step. Already, efforts to achieve this through political direction from the HDGC and revitalisation of the Community Health Management Information System (CHMIS) have commenced. Countries with complete CRVS have been shown to have better socio-economic indices than countries with poorer performing CRVS (Phillips et al., 2015) . Ensuring that the CRVS and CHMIS are functional is a significant step in improving the socioeconomic status of the country as well as improving the performance of the health system.
Conclusion
The 2014 Nigeria HIS Policy and the accompanying strategic plan have ignited and set the pace for the improvement of the HIS in Nigeria. The process of policy review highlighted the need for strong governance arrangements to reduce fragmentation and increase the prospects of unlocking value in data for better health outcomes. The review also reinforced the need and importance for intersectoral collaboration as health is a multi-stakeholder issue. Implementation must similarly follow continued engagement of stakeholders in order to ensure that progress is achieved. Whilst the policy provides an ambitious framework for achieving several HIS goals, this needs to be matched by the political will and funding in order for these targets to be met and sustained.
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